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(54) Self-sealing fluid interconnect with double sealing septum 



(57) A fluid interconnect for coupling an ink supply 
(20) to an ink-jet printer includes a fluid outlet (28) and 
a fluid inlet (42). The fluid outlet (28) has a housing (99) 
with one end in fluid communication with the ink supply 
(20) and the other end sealed by a septum 104. A seal- 
ing member (102) is positioned within the housing and 
is biased against the septum (104) by a spring (100) to 
form a second seal. The fluid inlet (42) includes a hollow 
needle (162) having one end in fluid communication with 
the print head and the other end defining a hole (168). 
A sliding collar (1 70) surrounds the needle and is biased 
into a sealing position in which it seals the hole (168). 



The fluid inlet (42) and fluid outlet (28) can be coupled 
by pressing them together. During the coupling process, 
the needle (162) pierces the septum (104) to enter the 
housing (99) and press the sealing member (102) away 
from the septum (104). This allows fluid to flow from the 
ink supply (20), into the housing (99), passed the sealing 
member (102), into the hole (168) in the needle (162) 
and to the print head. Upon decoupling, the needle (1 62) 
is withdrawn to seal the septum (104). In addition, the 
sealing member (102) is biased back into place against 
the septum (1 04) to reform the second seal and the slid- 
ing collar (170) is again biased into its sealing position. 
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D scriptlon 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an ink supply for an 
ink-jet printer and, more particularly to a self -sealing flu- 
id interconnect for joining a replaceable ink supply to an 
ink-jet printer. 

2. Description of Related Art 

A typical ink-jet printer has a print head mounted to 
a carriage which is moved back and forth over a printing 
surface, such as a piece of paper. As the print head 
passes over appropriate locations on the printing sur- 
face, a control system activates ink jets on the print head 
to eject, or jet, ink drops onto the printing surface and 
form desired images and characters. 

To work properly, such printers. must have a reliable 
supply of ink for the print head. Many ink-jet printers use 
a disposable ink pen that can be mounted to the car- 
riage. Such an ink pen typically includes, in addition to 
the print head, a reservoir containing a supply of ink. 
The ink pen also typically includes pressure regulating 
mechanisms to maintain the ink supply at an appropriate 
pressure for use by the print head. When the ink supply 
is exhausted, the ink pen is disposed of and a new ink 
pen is installed. This system provides an easy, user 
friendly way of providing an ink supply for an ink-jet print- 
er. 

Other ink-jet printers use stationary ink supplies that 
are separate from the print head. Some printers with sta- 
tionary ink supplies have a refillable ink reservoir built 
into the printer. Ink is supplied from the reservoir to the 
print head through a tube which trails from the print 
head. Alternatively, the print head can include a small 
ink reservoir that is periodically replenished by moving 
the print head to a filling station at the stationary, built- 
in reservoir. In either alternative, ink may be supplied 
from the reservoir to the print head by either a pump 
within the printer or by gravity flow. 

Still other ink-jet printers use replaceable ink reser- 
voirs. These reservoirs, like the built-in reservoirs are 
not located on the carriage and, thus, are not moved 
with the print head during printing. Replaceable reser- 
voirs are often plastic bags filled with ink. The bag is 
provided with a mechanism, such as a septum which 
can be punctured by a hollow needle, for coupling it to 
the printer so that ink may flow from the bag to the print 
head. Often, the bag is squeezed, or pressurized in 
some other manner, to cause the ink to flow from the 
r servoir. Should the bag burst or leak while under pres- 
sure or should the coupling between the bag and the 
printer leak, the consequences can be catastrophic for 
the printer. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a fluid interconnect for reliably coupling a re- 
s placeable ink supply to an ink-jet printer in a mannerthat 
allows for the leak-free installation and removal of the 
ink supply. 

It is a further object of the invention to provide a fluid 
interconnect that is not complicated and which can be 
10 simply and inexpensively manufactured and easily 
used. 

A fluid interconnect in accordance with one aspect 
of the present invention has a fluid outlet in fluid com- 
munication with the ink supply and a fluid inlet in fluid 

is communication with the print head. The fluid outlet has 
a housing with one end in fluid communication with the 
ink supply and the other end sealed by a septum. A seal- 
ing member is positioned within the housing and is bi- 
ased against the septum by a spring to form a second 

20 seal. The fluid inlet includes a hollow needle having one 
end in fluid communication with the print head and the 
other end defining a hole. A sliding collar surrounds the 
needle and is biased into a sealing position in which it 
seals the hole. 

25 The fluid inlet and fluid outlet can be coupled by 
pressing them together. During the coupling process, 
the needle pierces the septum to enter the housing and 
press the sealing member away from the septum. This 
allows fluid to flow from the ink supply, into the housing, 
30 past the sealing member, into the hole in the needle and 
to the print head. Upon decoupling, the needle is with- 
drawn to seal the septum. In addition, the sealing mem- 
ber is biased back into place against the septum to re- 
form the second seal and the sliding collar is again bi- 
35 ased into its sealing position. 

In other aspects of the invention, the structure as- 
sociated with the fluid inlet and the fluid outlet may be 
switched such that the needle is in fluid communication 
with the ink supply and the housing is in fluid communi- 
40 cation with the print head. 

Other objects and aspects of the invention will be- 
come apparent to those skilled in the art from the de- 
tailed description of the invention which is presented by 
way of example and not as a limitation of the present 
45 invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded view of an ink supply in ac- 
so cordance with a preferred embodiment of the present 
invention. 

Figure 2 is cross sectional view, taken along line 2-2 
of Figure 1, of a portion of the ink supply of Figure 1. 

Figure 3 is a side view of the chassis of the ink sup- 
55 ply of Figure 1 . 

Figure 4 is a bottom view of the chassis of Figure 3. 

Figure 5 is a top perspective view of the pressure 
plate of the ink supply of Figure 1 . 
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Figure 6 is a bottom perspective view of the pres- 
sure plate of Figure 5. 

Figure 7 is an exploded, cross sectional view of an 
alternative embodiment of a pump for use in an ink sup- 
ply in accordance with the present invention. s 

Figure 8 shows the ink supply if Figure 1 being in- 
serted into a docking bay of an ink-jet printer. 

Figure 9 is a cross sectional view of a part of the ink 
supply of Figure 1 being inserted into the docking bay 
of an ink-jet printer, taken along line 9-9 of Figure 8. 

Figure 10 is a cross sectional view showing the ink 
supply of Figure 9 fully inserted into the docking bay. 

Figure 11 shows the docking bay of Figure 8 with a 
portion of the docking bay cutaway to reveal an out-of- 
ink detector 

Figures 1 2A-1 2E are cross sectional views of a por- 
tion of the ink supply and docking bay showing the 
pump, actuator and out-of-ink detector in various stages 
of operation, taken along line 12-12 of Figure 11. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENT 

Art ink supply in accordance with a preferred em- 
bodiment of the present invention is illustrated in Figure 
1 as reference numeral 20. The ink supply 20 has a 
chassis 22 which carries an ink reservoir 24 for contain- 
ing ink, a pump 26 and fluid outlet 28. The chassis 22 is 
enclosed within a hard protective shell 30 having a cap 
32 affixed to its lower end. The cap 32 is provided with 
an aperture 34 to allow access to the pump 26 and an 
aperture 36 to allow access to the fluid outlet 28. 

To use the ink supply 20, it is inserted into a docking 
bay 38 of an ink-jet printer, as illustrated in Figures 8-11. 
Upon insertion of the ink supply 20, an actuator 40 within 
the docking bay 38 is brought into contact with the pump 
26 through aperture 34. In addition, a fluid inlet 42 within 
the docking bay 38 is coupled to the fluid outlet 28 
through aperture 36 to create a fluid path from the ink 
supply to the printer. Operation of the actuator 40 caus- 
es the pump 26 to draw ink from the reservoir 24 and 
supply the ink through the fluid outlet 28 and the fluid 
inlet 42 to the printer. 

Upon depletion of the ink from the reservoir 24, or 
for any other reason, the ink supply 20 can be easily 
removed from the docking bay 38. Upon removal, the 
fluid outlet 28 and the fluid inlet 42 are closed to help 
prevent any residual ink from leaking into the printer or 
onto the user. The ink supply may then be discarded or 
stored for reinstallation at a later time. In this manner, 
the present ink supply 20 provides a user of an ink-jet 
printer a simple, economical way to provide a reliable, 
and easily replaceable supply of ink to an ink-jet printer. 

As illustrated in Figures 1-4, the chassis 22 has a 
main body 44. Extending upward from the top of the 
chassis body 44 is a frame 46 which helps define and 
support the ink reservoir 24. In the illustrated embodi- 
ment, the frame 46 defines a generally square reservoir 



24 having a thickness determined by the thickness of 
the frame 46 and having open sides. Each side of the 
frame 46 is provided with a face 48 to which a sheet of 
plastic 50 is attached to enclose the sides of the reser- 
voir 24. The illustrated plastic sheet is flexible to allow 
the volume of the reservoir to vary as ink is depleted 
from the reservoir. This helps to allow withdrawal and 
use of all of the ink within the reservoir by reducing the 
amount of backpressure created as ink is depleted from 
the reservoir. The illustrated ink supply 20 is intended to 
contain about 30 cubic centimeters of ink when full. Ac- 
cordingly, the general dimensions of the ink reservoir 
defined by the frame are about 57 millimeters high, 
about 60 millimeters wide, and about 5.25 millimeters 
thick. These dimensions may vary depending on the de- 
sired size of the ink supply and the dimensions of the 
printer in which the ink supply is to be used. 

In the illustrated embodiment, the plastic sheets 50 
are heat staked to the faces 48 of the frame in a manner 
well known to those in the art. The plastic sheets 50 are, 
in the illustrated embodiment, multi-ply sheets having a 
an outer layer of low density polyethylene, a layer of ad- 
hesive, a layer of metallized polyethylene terephthalate, 
a layer of adhesive, a second layer of metallized poly- 
ethylene terephthalate, a layer of adhesive, and an inner 
layer of low density polyethylene. The layers of low den- 
sity polyethylene are about 0.0005 inches thick and the 
metallized polyethylene terephthalate is about 0.00048 
inches thick. The low density polyethylene on the inner 
and outer sides of the plastic sheets can be easily heat 
staked to the frame while the double layer of metallized 
polyethylene terephthalate provides a robust barrier 
against vapor loss and leakage. Of course, in other em- 
bodiments, different materials, alternative methods of 
attaching the plastic sheets to the frame, or other types 
of reservoirs might be used. 

The body 44 of the chassis 22, as seen in Figures 
1 4, is provided with a fill port 52 to allow ink to be intro- 
duced into the reservoir. After filling the reservoir, a plug 
54 is inserted into the fill port 52 to prevent the escape 
of ink through the fill port. In the illustrated embodiment, 
the plug is a polypropylene ball that is press fit into the 
fill port. 

A pump 26 is also carried on the body 44 of the 
chassis 22. The pump 26 serves to pump ink from the 
reservoir and supply it to the printer via the fluid outlet 
28. In the illustrated embodiment, seen in Figures 1 and 
2, the pump 26 includes a pump chamber 56 that is in- 
tegrally formed with the chassis 22. The pump chamber 
is defined by a skirt-like wall 58 which extends down- 
wardly from the body 44 of the chassis 22. 

A pump inlet 60 is formed at the top of the chamber 
56 to allow fluid communication between the chamber 
56 and the ink reservoir 24. A pump outlet 62 through 
which ink may be expelled from the chamber 56 is also 
provided. A valve 64 is positioned within the pump inlet 
60. The valve 64 allows the flow of ink from the ink res- 
ervoir 24 into the chamber 56 but limits the flow of ink 
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from the chamb r 56 back into the ink reservoir 24. In 
this way, when the chamber is depressurized, ink may 
be drawn from the ink reservoir, through the pump inlet 
and into the chamber. When the chamber is pressu- 
rized, ink within the chamber may be expelled through 
the pump outlet. 

In the illustrated embodiment, the valve 64 is a flap- 
per valve positioned at the bottom of the pump inlet. The 
flapper valve 64 illustrated in Figures 1 and 2, is a rec- 
tangular piece of flexible material. The valve 64 is posi- 
tioned over the bottom of the pump inlet 60 and heat 
staked to the chassis 22 at the midpoints of its short 
sides (the heat staked areas are darkened in the Fig- 
ures). When the pressure within the chamber drops suf- 
ficiently below that in the reservoir, the unstaked sides 
of the valve each flex downward to allow the flow of ink 
around the valve 64, through the pump inlet 60 and into 
the chamber 56. In alternative embodiments, the flapper 
valve could be heat staked on only one side so that the 
entire valve would flex about the staked side, or on three 
sides so that only one side of the valve would flex. Other 
types of valves may also be suitable. 

In the illustrated embodiment the flapper valve 64 
is made of a two ply material. The top ply is a layer of 
low density polyethylene 0.0015 inches thick. The bot- 
tom ply is a layer of polyethylene terephthalate (PET) 
0.0005 inches thick. The illustrated flapper valve 64 is 
approximately 5.5 millimeters wide and 8.7 millimeters 
long. Of course, in other embodiments, other materials 
or other types or sizes of valves may be used. 

A flexible diaphragm 66 encloses the bottom of the 
chamber 56. The diaphragm 66 is slightly larger than 
the opening at the bottom of the chamber 56 and is 
sealed around the bottom edge of the wall 58. The ex- 
cess material in the oversized diaphragm allows the di- 
aphragm to flex up and down to vary the volume within 
the chamber. In the illustrated ink supply, displacement 
of the diaphragm allows the volume of the chamber 56 
to be varied by about 0.7 cubic centimeters. The fully 
expanded volume of the illustrated chamber 56 is be- 
tween about 2.2 and 2.5 cubic centimeters. 

In the illustrated embodiment, the diaphragm 66 is 
made of the same multi-ply material as the plastic 
sheets 50. Of course, other suitable materials may also 
b used to form the diaphragm. The diaphragm in the 
illustrated embodiment is heat staked, using conven- 
tional methods, to the bottom edge of the skirt-like wall 
58. During the heat staking process, the low density pol- 
yethylene in the diaphragm seals any folds or wrinkles 
in the diaphragm to create a leak proof connection. 

A pressure plate 68 and a spring 70 are positioned 
within the chamber 56. The pressure plate 68, illustrated 
in detail in Figures 5 and 6, has a smooth lower face 72 
with a wall 74 extending upward about its perimeter. The 
central region 76 of the pressure plate 68 is shaped to 
receive the lower end of the spring 70 and is provided 
with a spring retaining spike 78. Four wings 80 extend 
laterally from an upper portion of the wall 74. The illus- 



trated pressure plate is molded of high density polyeth- 
ylene. 

The pressure plate 68 is positioned within the cham- 
ber 56 with the lower fac 72 adjacent the flexible dia- 
5 phragm 66. The upper end of the spring 70, which is 
stainless steel in the illustrated embodiment, is retained 
on a spike 82 formed in the chassis and the lower end 
of the spring 70 is retained on the spike 78 on the pres- 
sure plate 68. In this manner, the spring biases the pres- 
to sure plate downward against the diaphragm to increase 
the volume of the chamber. The wall 74 and wings 80 
serve to stabilize the, orientation of the pressure plate 
while allowing for its free, piston-like movement within 
the chamber 56. The structure of the pressure plate, with 
is the wings extending outward from the smaller face, pro- 
vides clearance for the heat stake joint between the di- 
aphragm and the wall and allows the diaphragm to flex 
without being pinched as the pressure plate moves up 
and down. The wings are also spaced to facilitate fluid 
flow within the pump. 

An alternative embodiment of the pump 26 is illus- 
trated in Figure 7. In this embodiment, the pump in- 
cludes a chamber 56a defined by a skirt-like wall 58a 
depending downwardly from the body 44a of the chas- 
sis. A flexible diaphragm 66a is attached to the lower 
edge of the wall 58a to enclose the lower end of the 
chamber 56a. A pump inlet 60a at the top of the chamber 
56a extends from the chamber 56a into the ink reservoir 
and a pump outlet 62a allows ink to exit the chamber 
56a. The pump inlet 60a has a wide portion 86 opening 
into the chamber 56a, a narrow portion 88 opening into 
the ink reservoir, and a shoulder 90 joining the wide por- 
tion 86 to the narrow portion 88. A valve 64a is posi- 
tioned in the pump inlet 60a to allow the flow of ink into 
the chamber 56a and limit the flow of ink from the cham- 
ber 56a back into the ink reservoir. In the illustrated em- 
bodiment the valve is circular. However, other shaped 
valves, such as square or rectangular, could also be 
used. 

In the embodiment of Figure 7, a unitary spring/ 
pressure plate 92 is positioned within the chamber 56a. 
The spring/pressure plate 92 includes a flat lower face 
94 that is positioned adjacent the diaphragm 66a, a 
spring portion 96 that biases the lower face downward, 
and a mounting stem 98 that is friction fit into the wide 
portion 86 of the pump inlet. In the illustrated embodi- 
ment, the spring portion 96 is generally circular in con- 
figuration and is pre-stressed into a flexed position by 
the diaphragm 66a. The natural resiliency of the material 
used to construct the spring/pressure plate urges the 
spring to its original configuration, thereby biasing the 
lower face downward to expand the volume of the cham- 
ber 56a. The unitary spring/pressure plate 92 may be 
formed of various suitable materials such as, for exam- 
ple, HYTREL. 

In this embodiment, the valve 64a is a flapper vatve 
that is held in position on the shoulder 90 of the pump 
inlet 60a by the top of the mounting stem 98. The mount- 
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ing stem 98 has a cross shaped cross section which al- 
lows the flapper valve 64a to deflect downward into four 
open quadrants to allow ink to flow from the ink reservoir 
into the chamber. The shoulder prevents the flapper 
valve from deflecting in the upward direction to limit the 
flow of ink from the chamber back into the reservoir. 
Rather, ink exits the chamber via the pump outlet 62. It 
should be appreciated that the mounting stem may have 
a B V B cross section, an "I" cross section, or any other 
cross section which allows the flapper valve to flex suf- 
ficiently to permit the needed flow of ink into the cham- 
ber. 

As illustrated in Figure 2, a conduit 84 joins the 
pump outlet 62 to the fluid outlet 28. In the illustrated 
embodiment, the top wall of the conduit 84 is formed by 
the lower member of the frame 46, the bottom wall is 
formed by the body 44 of the chassis, one side is en- 
closed by a portion of the chassis and the other side is 
enclosed by a portion of one of the plastic sheets 50. 

As illustrated in Figures 1 and 2, the fluid outlet 28 
is housed within a hollow cylindrical boss 99 that ex- 
tends downward from the chassis 22. The top of the 
boss 99 opens into the conduit 84 to allow ink to flow 
from the conduit into the fluid outlet. A spring 100 and 
sealing ball 102 are positioned within the boss 99 and 
are held in place by a compliant septum 104 and a crimp 
cover 106. The length of the spring 100 is such that it 
can be placed into the inverted boss 99 with the ball 102 
on top. The septum 104 can then inserted be into the 
boss 99 to compress the spring 100 slightly so that the 
spring biases the sealing ball 102 against the septum 
104 to form a seal. The crimp cover 106 fits over the 
septum 104 and engages an annular projection 108 on 
the boss 99 to hold the entire assembly in place. 

In the illustrated embodiment, both the spring 100 
and the ball 1 02 are stainless steel. The sealing ball 1 02 
is sized such that it can move freely within the boss 99 
and allow the flow of ink around the ball when it is not 
in the sealing position. The septum 104 is formed of 
polyisoprene rubber and has a concave bottom to re- 
ceive a portion of the ball 1 02 to form a secure seal. The 
septum 104 is provided with a slit 110 so that it may be 
easily pierced without tearing or coring. However, the 
slit is normally closed such that the septum itself forms 
a second seal. The slit may, preferably, be slightly ta- 
pered with its narrower end adjacent the ball 102. The 
illustrated crimp cover 106 is formed of aluminum and 
has a thickness of about 0.020 inches. A hole 1 1 2 is pro- 
vided so that the crimp cover 1 06 does not interfere with 
the piercing of the septum 104. 

With the pump and fluid outlet in place, the ink res- 
ervoir 24 can be filled with ink. To fill the ink reservoir 
24, ink can be injected through the fill port 52. As ink is 
being introduced into the reservoir, a needle (not shown) 
can be inserted through the slit 110 in the septum 104 
to depress the sealing ball 102 and allow the escape of 
any air from within the reservoir. Alternatively, a partial 
vacuum can be applied through the needle. The partial 



vacuum at the fluid outlet causes ink from the reservoir 
24 to fill the chamber 56, the conduit 84, and the cylin- 
drical boss 99 such that little, if any, air remains in con- 
tact with the ink. The partial vacuum applied to the fluid 
5 outlet also speeds the filling process. Once the ink sup- 
ply is filled, the plug 54 is press fit into the fill port to 
prevent the escape of ink or the entry of air. 

Of course, there are a variety of other methods 
which might also be used to fill the present ink supply. 
In some instances, it maybe desirable to flush the entire 
ink supply with carbon dioxide prior to filling it with ink. 
In this way, any gas trapped within the ink supply during 
the filling process will be carbon dioxide, not air. This 
may be preferable because carbon dioxide may dis- 
solve in some inks while air may not. In general, it is 
preferable to remove as much gas from the ink supply 
as possible so that bubbles and the like do not enter the 
print head or the trailing tube. To this end, it may also 
be preferable to use degassed ink to further avoid the 
creation or presence of bubbles in the ink supply. 

Although the ink reservoir 24 provides an ideal way 
to contain ink, it may be easily punctured or ruptured 
and may allow some amount of water loss from the ink. 
Accordingly, to protect the reservoir 24 and to further 
limit water loss, the reservoir 24 is enclosed within a pro- 
tective shell 30. In the illustrated embodiment, the shell 
30 is made of clarified polypropylene. A thickness of 
about one millimeter has been found to provide robust 
protection and to prevent unacceptable water loss from 
the ink. However, the material and thickness of the shell 
may vary in other embodiments. 

As illustrated in Figure 1 , the top of the shell 30 has 
contoured gripping surfaces 114 that are shaped and 
textured to allow a user to easily grip and manipulate 
the ink supply 20. A vertical rib 116 having a detente 118 
formed near its lower end projects laterally from each 
side of the shell 30. The base of the shell 30 is open to 
allow insertion of the chassis 22. A stop 1 20 extends 
laterally outward from each side of the wall 58 that de- 
fines the chamber 56. These stops 120 abut the lower 
edge of the shell 30 when the chassis 22 is inserted. 

A protective cap 32 is fitted to the bottom of the shell 
30 to maintain the chassis 22 in position. The cap 32 is 
provided with recesses 128 which receive the stops 1 20 
on the chassis 22. In this manner, the stops are firmly 
secured between the cap and the shell to maintain the 
chassis in position. The cap is also provided with an ap- 
erture 34 to allow access to the pump 26 and with an 
aperture 36 to allow access to the fluid outlet 28. The 
cap 32 obscures the fill port to help prevent tampering 
with the ink supply. 

The cap is provided with projecting keys 1 30 which 
can identify the type of printer for which the ink supply 
is intended and the type of ink contained within the ink 
supply. For example, if the ink supply is filled with black 
ink, a cap having keys that indicate black ink may be 
used. Similarly, if the ink supply is filled with a particular 
color of ink, a cap indicative of that color may be used. 
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The color of the cap may also be used to indicate the 
color of ink contained within the ink supply 

As a result of this structure, the chassis and shell 
can be manufactured and assembled without regard to 
the particular type of ink they will contain. Then, after 
the ink reservoir is filled, a cap indicative of the particular 
ink used is attached to the shell. This allows for manu- 
facturing economies because a supply of empty chassis 
and shells can be stored in inventory. Then, when there 
is a demand for a particular type of ink, that ink can be 
introduced into the ink supply and an appropriate cap 
fixed to the ink supply. Thus, this scheme reduces the 
need to maintain high inventories of ink supplies con- 
taining every type of ink. 

In the illustrated embodiment, the bottom of the 
shell 30 is provided with two circumferential grooves 1 22 
which engage two circumferential ribs 124 formed on 
the cap 32 to secure the cap to the shell. Sonic welding 
or some other mechanism may also be desirable to 
more securely fix the cap to the shell. In addition, a label 
(not shown) can be adhered to both the cap and the shell 
to more firmly secure them together. In the illustrated 
embodiment, pressure sensitive adhesive is used to ad- 
here the label in a manner that prevents the label from 
being peeled off and inhibits tampering with the ink sup- 
ply. 

The attachment between the shell, the chassis and 
the cap should, preferably, be snug enough to prevent 
accidental separation of the cap from the shell and to 
resist the flow of ink from the shell should the ink reser- 
voir develop a leak. However, it is also desirable that the 
attachment allow the slow ingress of air into the shell as 
ink is depleted from the reservoir to maintain the pres- 
sure inside the shell generally the same as the ambient 
pressure. Otherwise, a negative pressure may develop 
inside the shell and inhibit the flow of ink from the res- 
ervoir. The ingress of air should be limited, however, in 
order to maintain a high humidity within the shell and 
minimize water loss from the ink. 

In the illustrated embodiment, the shell 30 and the 
flexible reservoir 24 which it contains have the capacity 
to hold approximately thirty cubic centimeters of ink. The 
shell is approximately 67 millimeters wide, 15 millime- 
ters thick, and 60 millimeters high. Of course, other di- 
mensions and shapes can also be used depending on 
the particular needs of a given printer. 

The illustrated ink supply 20 is ideally suited for in- 
sertion into a docking station 132 like that illustrated in 
Figures 8-11. The docking station 132 illustrated in Fig- 
ure 8, is intended for use with a color printer. According- 
ly, it has four side-by-side docking bays 38, each of 
which can receive one ink supply 20 of a different color. 
The structure of the illustrated ink supply allows for a 
relatively narrow width. This allows for four ink supplies 
to be arranged side-by-side in a compact docking sta- 
tion without unduly increasing the "footprint 0 of the print- 
r. 

Each docking bay 38 includes opposing walls 134 



10 

and 136 which define inwardly facing vertical channels 
138 and 140. A leaf spring 142 having an engagement 
prong 144 is positioned within the lower portion of each 
channel 138 and 140. The engagement prong 144 of 

5 each leaf spring 142 extends into the channel toward 
the docking bay 38 and is biased inward by the leaf 
spring. The channels 138 and 140 are provided with 
mating keys 139 formed therein. In the illustrated em- 
bodiment, the mating keys in the channels on one wall 

10 are the same for each docking bay and identify the type 
of printer in which the docking station is used. The mat- 
ing keys in the channels of the other wall are different 
for each docking bay and identify the color of ink for use 
in that docking bay. A base plate 146 defines the bottom 

15 of each docking bay 38. The base plate 146 includes an 
aperture 1 48 which receives the actuator 40 and carries 
a housing 150 for the fluid inlet 42. 

As illustrated in Figure 8, the upper end of the ac- 
tuator extends upward through the aperture 148 in the 

20 base plate 146 and into the docking bay 38. The lower 
portion of the actuator 40 is positioned below the base 
plate and is pivot ably coupled to one end of a lever 152 
which is supported on pivot point 154. The other end of 
the lever 154 is biased downward by a compression 

25 spring 1 56. In this manner, the force of the compression 
spring 156 urges the actuator 40 upward. A cam 158 
mounted on a rotatable shaft 1 60 is positioned such that 
rotation of the shaft to an engaged position causes the 
cam to overcome the force of the compression spring 

30 1 56 and move the actuator 40 downward. Movement of 
the actuator, as explained in more detail below, causes 
the pump 26 to draw ink from the reservoir 24 and supply 
it through the fluid outlet 28 and the fluid inlet 42 to the 
printer. 

35 As illustrated in Figure 1 1 , a flag 1 84 extends down- 
ward from the bottom of the actuator 40 where it is re- 
ceived within an optical detector 1 86. The optical detec- 
tor 186 is of conventional construction and directs a 
beam of light from one leg 186a toward a sensor (not 

40 shown) positioned on the other 1 86b leg. The optical de- 
tector is positioned such that when the actuator 40 is in 
its uppermost position, corresponding to the top of the 
pump stroke, the flag 1 84 raises above the beam of light 
allowing it to reach the sensor and activate the detector. 

45 in any lower position, the flag blocks the beam of light 
and prevents it from reaching the sensor and the detec- 
tor is in a deactivated state. In this manner, the sensor 
can be used, as explained more fully below, to control 
the operation of the pump and to detect when an ink 

50 supply is empty. 

As seen in Figure 9, the fluid inlet 42 is positioned 
within the housing 150 carried on the base plate 146. 
The illustrated fluid inlet 42 includes an upwardly ex- 
tending needle 162 having a closed, blunt upper end 

55 164, a blind bore 166 and a lateral hole 168. A trailing 
tube 169, seen in Figure 11, is connected to the lower 
end of the needle 162 in fluid communication with the 
blind bore 1 66. The trailing tube 1 69 leads to a print head 
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(not shown). In most printers, the print head will usually 
include a small ink well tor maintaining a small quantity 
of ink and some type of pressure regulator to maintain 
an appropriate pressure within the ink well. Typically, it 
is desired that the pressure within the inkwell be slightly 
less than ambient. This "back pressure" helps to prevent 
ink from dripping from the print head. The pressure reg- 
ulator at the print head may commonly include a check 
valve which prevents the return flow of ink from the print 
head and into the trailing tube. 

A sliding collar 170 surrounds the needle 162 and 
is biased upwardly by a spring 172. The sliding collar 
170 has a compliant sealing portion 174 with an ex- 
posed upper surface 176 and an inner surface 178 in 
direct contact with the needle 162. In addition, the illus- 
trated sliding collar includes a substantially rigid portion 
180 extending downwardly to partially house the spring 
172. Art annular stop 182 extends outward from the low- 
er edge of the substantially rigid portion 180. The annu- 
lar stop 182 is positioned beneath the base plate 146 
such that it abuts the base plate to limit upward travel 
of the sliding collar 170 and define an upper position of 
the sliding collar on the needle 162. In the upper posi- 
tion, the lateral hole 168 is surrounded by the sealing 
portion 174 of the collar to seal the lateral hole and the 
blunt end 164 of the needle is generally even with the 
upper surface 176 of the collar. 

In the illustrated embodiment, the needle 162 is an 
eighteen gauge stainless steel needle with an inside di- 
ameter of about 1.04 millimeters, an outside diameter 
of about 1.2 millimeters, and a length of about 30 mil- 
limeters. The lateral hole is generally rectangular with 
dimensions of about 0.55 millimeters by 0.70 millimeters 
and is located about 1.2 millimeters from the upper end 
of the needle. The sealing portion 174 of the sliding col- 
lar is made of ethylene propylene dimer monomer and 
the generally rigid portion 176 is made of polypropylene 
or any other suitably rigid material. The sealing portion 
is molded with an aperture to snugly receive the needle 
and form a robust seal between the inner surface 178 
and the needle 162. In other embodiments, alternative 
dimensions, materials or configurations might also be 
used. 

To install an ink supply 20 within the docking bay 
38, a user can simply place the lower end of the ink sup- 
ply between the opposing walls 134 and 136 with one 
edge in one vertical channel 138 and the other edge in 
the other vertical channel 140, as shown in Figure 8. 
The ink supply is then pushed downward into the in- 
stalled position, shown in Figure 10, in which the bottom 
of the cap 32 abuts the base plate 1 46. As the ink supply 
is pushed downward, the fluid outlet 28 and fluid inlet 
42 automatically engage and open to form a path for 
fluid flow from the ink supply to the printer, as explained 
in more detail below. In addition, the actuator enters the 
aperture 34 in the cap 32 to pressurize the pump, as 
explained in more detail below. 

Once in position, the engagement prongs 144 on 



each side of the docking station engage the detentes 
118 formed in the shell 30 to firmly hold the ink supply 
in place. The leaf springs 142, which allow the engage- 
ment prongs to move outward during insertion of the ink 
s supply, bias the engagement prongs inward to positively 
hold the ink supply in the installed position. Throughout 
the installation process and in the installed position, the 
edges of the ink supply 20 are captured within the ver- 
tical channels 1 38 and 1 40 which provide lateral support 
10 and stability to the ink supply. In some embodiments, it 
may be desirable to form grooves in one or both of the 
channels 138 and 140 which receive the vertical rib 116 
formed in the shell to provide additional stability to the 
ink supply. 

is To remove the ink supply 20, a user simply grasps 
the ink supply, using the contoured gripping surfaces 
114, and pulls upward to overcome the force of the leaf 
springs 142. Upon removal, the fluid outlet 28 and fluid 
inlet 42 automatically disconnect and reseal leaving lit- 
20 tie, if any, residual ink and the pump 26 is depressurized 
to reduce the possibility of any leakage from the ink sup- 
ply. 

Operation of the fluid interconnect, that is the fluid 
outlet 28 and the fluid inlet 42, during insertion of the ink 
25 supply is illustrated in Figures 9 and 10. Figure 9 shows 
the fluid outlet 28 upon its initial contact with the fluid 
inlet 42. As illustrated in Figure 9, the housing 150 has 
partially entered the cap 32 through aperture 36 and the 
lower end of the fluid outlet 28 has entered into the top 
30 of the housing 150. At this point, the crimp cover 106 
contacts the sealing collar 170 to form a seal between 
the fluid outlet 28 and the fluid inlet 42 While both are 
still in their sealed positions. This seal acts as a safety 
barrier in the event that any ink should leak through the 
35 septum 104 or from the needle 1 62 during the coupling 
and decoupling process. 

In the illustrated configuration, the bottom of the flu- 
id inlet and the top of the fluid outlet are similar in shape. 
Thus, very little air is trapped within the seal between 
40 the fluid outlet of the ink supply and the fluid inlet of the 
printer. This facilitates proper operation of the printer by 
reducing the possibility that air will enter the fluid outlet 
28 or the fluid inlet 42 and reach the ink jets in the print 
head. 

45 As the ink supply 20 is inserted further into the dock- 
ing bay 38, the bottom of the fluid outlet 28 pushes the 
sliding collar 170 downward, as illustrated in Figure 10. 
Simultaneously, the needle 162 enters the slit 110 and 
passes through the septum 104 to depress the sealing 
so ball 1 02. Thus, in the fully inserted position, ink can flow 
from the boss 99, around the sealing ball 102, into the 
lateral hole 168, down the bore 166, through the trailing 
tube 169 to the print head. 

Upon removal of the ink supply 20, the needle 162 
55 is withdrawn and the spring 1 00 presses the sealing ball 
102 firmly against the septum to establish a robust seal. 
In addition, the slit 1 1 0 closes to establish a second seal, 
both of which serve to pr vent ink from leaking through 
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the fluid outlet 28. At the same time, the spring 1 72 push- 
es the sliding collar 170 back to its upper position in 
which the lateral hole 168 is encased within the sealing 
portion of the collar 174 to prevent the escape of ink 
from the fluid inlet 42. Finally, the seal between the crimp 
cover 106 and the upper surface 176 of the sliding collar 
is broken. With this fluid interconnect, little, if any, ink is 
exposed when the fluid outlet 28 is separated from the 
fluid inlet 42. This helps to keep both the user and the 
printer clean. 

Although the illustrated fluid outlet 28 and fluid inlet 
42 provide a secure seal with little entrapped air upon 
sealing and little excess ink upon unsealing, other fluid 
interconnections might also be used to connect the ink 
supply to the printer. For example, the illustrated fluid 
inlet could be located on the ink supply and the illustrat- 
ed fluid outlet could be located in the docking bay. 

As illustrated in Figure 10, when the ink supply 20 
is inserted into the docking bay 38, the actuator 40 en- 
ters through the aperture 34 in the cap 32 and into po- 
sition to operate the pump 26. Figures 12A-E illustrate 
various stages of the pump's operation. Figure 12A il- 
lustrates the fully charged position of the pump 26. The 
flexible diaphragm 66 is in its lowermost position, the 
volume of the chamber 56 is at its maximum, and the 
flag 184 is blocking the light beam from the sensor. The 
actuator 40 is pressed against the diaphragm 66 by the 
compression spring 156 to urge the chamber to a re- 
duced volume and create pressure within the pump 
chamber 56. As the valve 64 limits the flow of ink from 
the chamber back into the reservoir, the ink passes from 
the chamber through the pump outlet 62 and the conduit 
84 to the fluid outlet 28. In the illustrated embodiment, 
the compression spring is chosen so as to create a pres- 
sure of about 1.5 pounds per square inch within the 
chamber. Of course, the desired pressure may vary de- 
pending on the requirements of a particular printer and 
may vary throughout the pump stroke. For example, in 
the illustrated embodiment, the pressure within the 
chamber will vary from about 90-45 inches of water col- 
umn during the pump stroke. 

As ink is depleted from the pump chamber 56, the 
compression spring 156 continues to press the actuator 
40 upward against the diaphragm 66 to maintain a pres- 
sure within the pump chamber 56. This causes the dia- 
phragm to move upward to an intermediate position de- 
creasing the volume of the chamber, as illustrated in Fig- 
ure 12B. In the intermediate position, the flag 184 con- 
tinues to block the beam of light from reaching the sen- 
sor in the optical detector 186. 

As still more ink is depleted from the pump chamber 
56, the diaphragm 40 is pressed to its uppermost posi- 
tion, illustrated in Figure 12C. In the uppermost position, 
the volume of the chamber 56 is at its minimum opera- 
tional volume and the flag 1 84 rises high enough to al low 
the light beam to reach the sensor and activate the op- 
tical detector 186. 

The printer control system (not shown) detects ac- 



tivation of the optical detector 186 and begins a refresh 
cycle. As illustrated in Figure 12D, during the refresh 
cycle the cam 158 is rotated into engagement with th 
lever 1 52 to compress the compression spring 1 56 and 
5 move the actuator 40 to its lowermost position. In this 
position, the actuator 40 does not contact the diaphragm 
66. 

With the actuator 40 no longer pressing against the 
diaphragm 66, the pump spring 70 biases the pressure 

10 ptate 68 and diaphragm 66 outward, expanding the vol- 
ume and decreasing the pressure within the chamber 
56. The decreased pressure within the chamber 56 al- 
lows the valve 64 to open and draws ink from the reser- 
voir 24 into the chamber 56 to refresh the pump 26, as 

is illustrated in Figure 12D. The check valve at the print 
head, the flow resistance within the trailing tube, or both 
will limit ink from returning to the chamber 56 through 
the conduit 84. Alternatively, a check valve may be pro- 
vided at the outlet port, or at some other location, to pre- 

20 vent the return of ink through the outlet port and into the 
chamber. 

After a predetermined amount of time has elapsed, 
the refresh cycle is concluded by rotating the cam 158 
back into its disengaged position and the ink supply typ- 
25 ically returns to the configuration illustrated in Figure 
12 A. 

However, if the ink supply is out of ink, no ink can 
enter into the pump chamber 56 during a refresh cycle. 
In this case, the backpressure within the ink reservoir 

30 24 will prevent the chamber 56 from expanding. As a 
result, when the cam 158 is rotated back into its disen- 
gaged position, the actuator 40 returns to its uppermost 
position, as illustrated in Figure 12E, and the optical de- 
tector 186 is again activated. Activation of the optical 

35 detector immediately after a refresh cycle, informs the 
control system that the ink supply is out of ink (or pos- 
sibly that some other malfunction is preventing the prop- 
er operation of the ink supply). In response, the control 
system can generate a signal informing the user that the 

40 ink supply requires replacement. This can greatly ex- 
tend the life of the print head by preventing "dry" firing 
of the ink jets. 

In some embodiments in may be desirable to rotate 
the cam 158 to the disengaged position and remove 

45 pressure from the chamber 56 whenever the printer is 
not printing. It should be appreciated that a mechanical 
switch, an electrical switch or some other switch capable 
of detecting the position of the actuator could be used 
in place of the optical detector. 

so The configuration of the present ink supply is par- 
ticularly advantageous because only the relatively small 
amount of ink within the chamber is pressurized. The 
large majority of the ink is maintained within the reser- 
voir at approximately ambient pressure. Thus, it is less 

ss likely to leak and, in the event of a leak, can be more 
easily contained. 

The illustrated diaphragm pump has proven to b 
very reliable and well suited for use in the ink supply. 
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However, other types of pumps may also be used. For 
example, a piston pump, a bellows pump, or other types 
of pumps might be adapted for use with the present in- 
vention. 

As discussed above, the illustrated docking station s 
132 includes lour side-by-side docking bays 38. This 
configuration allows the wall 134, the wall 136 and the 
base plate 146 for the four docking bays to be unitary. 
In the illustrated embodiment, the leaf springs for each 
side of the four docking bays can be formed as a single to 
piece connected at the bottom. In addition, the cams 1 58 
for each docking station are attached to a single shaft 
160. Using a single shaft results in each of the four ink 
supplies being refreshed when the pump of any one of 
the four reaches its minimum operational volume. Alter- « 
natively, it may be desirable to configure the cams and 
shaft to provide a third position in which only the black 
ink supply is pressurized. This allows the colored ink 
supplies to remain at ambient pressure during a print 
job that requires only black ink. 

The arrangement of four side-by-side docking bays 
is intended for use in a color printer. One of the docking 
bays is intended to receive an ink supply containing 
black ink, one an ink supply containing yellow ink, one 
an ink supply containing cyan ink, and one an ink supply 25 
containing magenta ink. The mating keys 1 39 for each 
of the four docking bays are different and correspond to 
the color of ink for that docking bay. The mating keys 
139 are shaped to receive the corresponding keys 130 
formed on a cap of an ink supply having the appropriate so 
color. That is, the keys 1 30 and the mating keys 1 39 are 
shaped such that only an ink supply having the correct 
color of ink, as indicated by the keys on the cap, can be 
inserted into any particular docking bay. The mating 
keys 1 39 can also identify the type of ink supply that is 35 
to be installed in the docking bay. This system helps to 
prevent a user from inadvertently inserting an ink supply 
of one color into a docking bay for another color or from 
inserting an ink supply intended for one type of printer 
into the wrong type of printer. 

This detailed description is set forth only for purpos- 
es of illustrating examples of the present invention and 
should not be considered to limit the scope thereof in 
any way. Clearly, numerous additions, substitutions, and 2. 
other modif ications can be made to the invention without « 
departing from the scope of the invention which is de- 
fined in the appended claims and equivalents thereof. 

3. 
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a fluid inlet 42 mounted to the ink-jet printer, the 
fluid inlet comprising: 

a hollow needle 162 having a base and a 
top, the base of the needle being in fluid 
communication with the trailing tube, the 
needle further defining a hole 1 68 near the 
top; and 

a sliding collar 170 encircling the needle, 
the sliding collar having a top surface and 
an inner surface in contact with the needle, 
the sliding collar being movable from a first 
position in which the inner surface seals 
the hole and the top surface is adjacent the 
top of the needle to a second position in 
which the hole is exposed; and 

a fluid outlet 28 mounted to the ink supply for 
engaging the fluid inlet when the ink supply is 
inserted into the ink-jet printer, the fluid outlet 
comprising: 

■ a hollow housing 99 having a first end in 
fluid communication with said quantity of 
ink; 

a septum 1 04 positioned to seal the second 
end of the housing; and 
a sealing member 102 positioned within 
the housing, the sealing member being 
movable between a first position in which 
the sealing member seals against the sep- 
tum and a second position in which ink can 
flow passed the sealing member to the 
septum, 

wherein as the ink supply is inserted into the 
ink-jet printer the housing moves the sealing collar 
from the first position to the second position to ex- 
pose the hole and the needle pierces the septum to 
move the sealing member from the first position to 
the second position to allow the flow of ink from the 
housing and into the hole. 

The system of claim 1 further comprising a first 
spring 172 positioned to bias the sliding collar to- 
ward the first position. 

The system of claim 2 further comprising a second 
spring 100 positioned to bias the sealing member 
toward the first position. 
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cover 1 06 positioned over the septum and engaging 
the housing to maintain the septum in position with- 
in the housing. 

6. The system of claim 1 in which the top surface and s 
the top of the needle define a first mating surface 
and the crimp cover defines a second mating sur- 
face and wherein the first mating surface and sec- 
ond mating surface generally conform in shape to 
substantially eliminate air trapped between the fluid 10 
inlet and the fluid outlet. 



7. A fluid outlet 28 for an ink supply 20 containing a 
quantity of ink that is removably insert ible into a 
docked position within a docking bay 38 of an ink- *s 
jet printer, the docking bay having a fluid inlet 42 for 
coupling with the fluid outlet to form a fluid connec- 
tion between the removable ink supply and the ink- 
jet printer, the fluid outlet comprising: 

20 

a hollow housing 99 having a first end in fluid 
communication with said quantity of ink; 
a septum 104 positioned to seal a second end 
of the housing; and 

a sealing member 102 positioned within the 25 
housing, the sealing member being movable 
between a first position in which the sealing 
member seals against the septum and a sec- 
ond position in which ink can flow past the seal- 
ing member to the septum, 30 
the septum 104 capable of being pierced by a 
portion of the fluid inlet, upon piercing the sep- 
tum said portion of the fluid inlet moving the 
sealing member from the first position to the 
second position to allow ink flow between the 35 
fluid inlet and fluid outlet. 

8. The system of claim 11 further comprising a spring 
100 positioned to bias the sealing member toward 

the first position. 40 

9. The system of claim 1 2 in which the sealing member 
is a sphere. 

10. The system of claim 13 further comprising a crimp 
cover 1 06 positioned over the septum and engaging 
the housing to maintain the septum in position with- 
in the housing. 

so 
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